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Description 

This invention relates to a method of and a device 
for taking out chemical analysis film test elements from 
a cartridge one by one. 

Said cartridge can store a plurality of chemical anal- 
ysis film lest elements each of which can be in a warped 
or curled state and have a reagent layer containing a 
reagent whose optical density changes through a chem- 
ical reaction, an immunoreaction or the like with a spe- 
cific biochemical component contained in a sample liq- 
uid such as blood or urine. 

Quantitative or qualitative analysis of a specific 
component in a sample iiquid is a common operation 
carried out in various industrial fields. Especially, quan- 
titative analysis of a chemical component or a solid com- 
ponent contained in body fluid such as blood or urine is 
very important in the field of clinical biochemistry. 

There has been put into practice a u dry-to-the- 
touch" chemical analysis slide with which a specific 
component contained in a sample liquid can be quanti- 
tatively analyzed through a droplet of the sample liquid 
applied to the slide by spotting. See United States Pat- 
ent No. 3,992,158, United States Patent No. 4,292,272 
or the like. When such a dry chemical analysis slide is 
used, the sample liquid can be analyzed more easily and 
more quickly than when the conventional wet analysis 
method is used, and accordingly the dry chemical anal- 
ysis slide is very convenient for medical facilities, labo- 
ratories and the like where lots of sample liquids have 
to be analyzed. 

When chemical components or the like contained 
in a sample liquid is quantitatively analyzed using such 
a dry chemical analysis slide, a droplet of the sample 
liquid is applied to the slide and is held at a constant 
temperature for a predetermined lime in an incubator so 
thai coloring reaction occurs, and the optical density of 
the color formed by the coloring reaction is optically 
measured. That is, measuring light containing a wave- 
length which is pre-seSected according to the combina- 
tion of the component to be analyzed and the reagent 
contained in the reagent layer of the slide is projected 
onto the slide and the optical density of the slide is meas- 
ured. Then the component to be analyzed is quantita- 
tively analyzed on the basis of the optical density using 
a calibration curve which represents the relation be- 
tween the concentration of the biochemical component 
and the optical density. 

The chemical analysis slide generally comprises a 
dry chemical analysis film test element, also called film 
chip in the following and a plastic frame which holds the 
chemical analysis film chip flat to facilitate handling of 
the film chip during transfer The chemical analysis film 
chip is generally composed of a support sheet of plastic 
or the like and a reagent layer and a spreading layer 
formed on the support sheet. 

When biochemical analysis is effected using such 
chemical analysis slides, the chemical analysis slides 



should be smoothly supplied one by one in order to fa- 
cilitate automated analysis. 

There has been known a cartridge in which a stack 
of, for instance, about fifty chemical analysis slides are 

$ stored. See United States Patent Nos. 4,151,931, 
4,187,077, 4,190,420, 4,279,861 and the like. 

In this cartridge, when the uppermost slide is 
pushed out of the cartridge by a push member, a lift 
member is inserted into the cartridge through the bottom 

to of the cartridge to move upward the stack of the slides 
by a distance corresponding to the thickness of one 
slide. AN the slides in the cartridge are taken out by re- 
peating the steps. 

Since a large number of the slides are consumed in 

75 a short time and accordingly a large cartridge is neces- 
sary, and moreover there are required a plurality of car- 
tridges the same as the biochemical substances to be 
analyzed in number which results in increase in the size 
of the biochemical analysis apparatus. 

so Further in the case of the chemical analysis slide, 
cost of the frame is high, which adds to cost of biochem- 
ical analysis. 

Accordingly, we have proposed a dry chemical anal- 
ysts element without frame. The chemical analysis ele- 

25 ment comprises a support sheet and a reagent layer and 
the like laminated on the support sheet and is not pro- 
vided with a frame. This type of chemical analysis ele- 
ment will be referred to as "frameless chemical analysis 
film test element" or as "frameless chemical analysis 

30 film chip", or simply as "chemical analysis film test ele- 
ment", or as "chemical analysis film chip", hereinbelow. 
Further we have proposed a cartridge for storing therein 
a stack of the frameless chemical analysis film chips. 
The cartridge has a box-like body which is provided with 

35 a first opening which is formed an upper portion of a side 
wall of the body and through which the uppermost chem- 
ical analysis film chip is only taken out and a second 
opening through which a means for holding the upper- 
most chemical analysis film chip and taking it out 

40 through the first opening is given access to the upper- 
most chemical analysis film chip. See European Patent 
Publication No. 0555654A2, published after the priority 
date of the present invention 

The proposed cartridge for the frameless chemical 

4S analysis film chips can be substantially smaller than the 
conventional cartridge for the chemical analysis slides, 
whereby the overall size of the biochemical analysis ap- 
paratus can be miniaturized. Further the cost of the 
frame can be cut and the cost of biochemical analysis 

5tf can be lowered. 

However use of the frameless chemical analysis 
film chip involves a problem that since the frameless 
chemical analysis film chips warp in a dry state, it is nec- 
essary to handle the chemical analysis fifm chips in an 

55 automated system taking into account the shape of the 
chemical analysis film chip in a dry state. 

That is, though the reagent layer or reagent in a po- 
rous layer cannot initiate a reaction without water, it can 
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initiate a reaction as soon as it absorbs water which can 
adversely affect the result of the biochemical analysis. 
Accordingly, the chemical analysis film chips are stored 
in a dry atmosphere such as in a drying container (sup- 
plier) until they are to be applied with a sample liquid, in 
the dry state, the chemical analysis film chips are 
warped {curled or curved) into a roof tile-like shape, and 
the state (degree or shape) of warp substantially chang- 
es depending on the kind of the chemical analysis film 
chip, which is determined according to the item of meas- 
urement, Even if the kind of the chemical analysis film 
chips are the same ; the state of warp can change from 
chip to chip. 

Accordingly the mechanism for taking out the 
chemical analysis film chips from the cartridge should 
be arranged so that the chemical analysis film chips in 
different states of warp can be surely taken out one by 
one. 

In European Patent Publication No, 0064691 A1, 
there is disclosed a technique tor taking out from a con- 
tainer analytical elements for semi-quantitative analysis 
each comprising a reagent layer formed on a part of a 
support sheet. In the technique, a stack of the analytical 
elements is accommodated in the container, and the 
container is provided with an opening in the bottom 
thereof. A suction means is introduced into the container 
through the opening and attracts the lowermost element 
thereon under a suction force. Then the suction means 
is moved downward to pull out the element through the 
opening while resiliently deforming the element. 

However when the technique is applied to the 
chemical analysis film chips, those having a small radius 
cf curvature are apt to fail through the opening and when 
the opening is narrowed to prevent such chemical anal- 
ysis film chips having a small radius of curvature from 
falling through the opening, then it becomes difficult to 
take out those having a large radius of curvature through 
the opening. Thus it is difficult to apply the technique to 
take out the chemical analysis film chips. 

In European Patent Publication No. 0555654A2, 
published after the priority date of the present invention, 
there is further disclosed a supplier for storing a plurality 
of frameless chemical analysis film chips in a dry state 
belore application of sample liquid. The supplier is pro- 
vided with a cartridge holding means for holding a plu- 
rality of cartridges and the cartridge holding means is 
driven by a drive mechanism such as an electric motor 
to bring a desired cartridge to a film takeout port formed 
in the supplier. A suction means is provided near the film 
takeout port and takes out the film chip from the car- 
tridge positioned opposed to the film takeout port. That 
is, the suction means is movable between a predeter- 
mined attracting position and a retracted position away 
from the attracting position. The attracting position is 
where the suction means can precisely attract the center 
of the film chip in the cartridge opposed to the film 
takeout port under a suction force. The suction means 
is moved to the attracting position from the retracted po- 



sition after a desired cartridge is moved to the position 
opposed to the film takeout portion and takes out the 
film chip while holding it under a suction force. 

it is important that the cartridge is in a fixed position 

5 relative to the attracting position when it is positioned 
opposed to the film takeout port (this position will be re- 
ferred to as "the film takeout position", hereinbelow) 
since otherwise the suction means cannot attract the 
film chip at a constant portion. \1 the portion at which the 

J0 suction means attracts the film chip changes chip to 
chip : various troubles can be caused during subsequent 
handling of the film chip. For example, the sample liquid 
cannot be applied to the film chips in a constant position 
therein, or the film chip can be brought into contact with 

is a wall of a ceil in an incubator when it is inserted into 
the cell and the sample liquid on the film chip can con- 
taminate the cell or the film chip can be broken on im- 
pact. 

Though there have been made various attempts to 

20 precisely position the cartridge in the film takeout posi- 
tion relative to the attracting position by improving the 
precision of the cartridge holding means drive mecha- 
nism, it has been difficult to improve the precision of the 
cartridge holding means drive mechanism to such a lev- 

£5 el. Especially when the cartridge holding means is in the 
form of a cartridge receiving portion which is formed in 
a disk-like rotary body and is moved along a circular path 
unlike that disclosed in European Patent Publication No. 
05S5854A2, published after the priority date of the 

30 present invention, where the cartridge holding means is 
moved along a linear path, it is very difficult to precisely 
position the cartridge in the circumferential direction of 
the rotary body though the cartridge can be substantially 
precisely positioned in the radial direction of the rotary 

35 body. 

A method and device for taking out a film test ele- 
ment from a cartridge similar to the preambles of claims 
1 and 2 t respectively, are known from US-A-4,876,204. 
EP-A-0 567 067, published after the priority date of the 
40 present application discloses another method and de- 
vice for taking out a film test element according to the 
preambles of claims 1 and 2, respectively. A method and 
device for cartridge loading into an analysing station, 
said cartridges supporting test elements, is disclosed in 
45 EP-A-0 397 256. 

in view of the foregoing observations and descrip- 
tion, the primary object of the present invention is to pro- 
vide a method of and a device for precisely positioning 
a cartridge with respect to a suction means (film take 
50 out means) so that tne suction means can precisely at- 
tract a predetermined portion of the film test element. 

This object is achieved with a method and a device 
having the features of claims 1 and 2, respectively. 

Preferable embodiments are the subject matter of 
55 the dependent subclaims. 

A cartridge which can be used together with the 
present invention comprises a box-like casing body 
which has first and second end walls opposed to each 
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other and in which a plurality of dry frametess chemical 
analysis film chips (film test elements) each having a 
rear reagent-containing layer formed on a support 
sheet, are stored in a stack extending between the end 
walls, A first opening is formed in a side wali of the cas- 
ing body at a portion near to the first end wall of the cas- 
ing body so that only the chemical analysis film chip 
nearest to the first end wall in the chemical analysis film 
chips in the stack can be taken out of the casing body 
through the first opening by moving the chemicai anal- 
ysis film chip in the direction perpendicular to the direc- 
tion of the stack A second opening which permits a film 
takeout means to hold the chemical analysis film chip 
nearest to the first end wall and lake it out of the casing 
body through the first opening is formed in the first end 
wall of the casing body. The cartridge may be charac- 
terized in that the width of the first opening is larger than 
the thickness of one chemical analysis film chip and 
smaHer than double the thickness of one chemical anal- 
ysis film chip at least a part of the first opening. 

An urging means for urging the stack of the chem- 
ical analysts film chips toward the firs! end wall may be 
provided in a casing body, which can be used with the 
present invention. 

A first opening may be provided with a projection 
which prevents the chemical analysis film chip nearest 
to the first end wall from going out the casing body 
through the first opening when the film chip is in the nor- 
mal state 

A method of taking out the chemical analysis film 
chips usable with the present invention is for taking out 
a plurality of dry frameJess chemicai analysis film chips, 
each having a reagent containing layer formed on a sup- 
port sheet, one by one from a cartridge comprising a 
box-like casing body which has first and second'end 
walls opposed to each other and in which the chemical 
analysis film chips are stored in a stack extending be- 
tween the end walls, a first opening being formed in a 
side wall of the casing body at a portion near to the first 
end wall of the casing body so that only the chemicai 
analysis film chip nearest to the first end wall in the 
chemical analysis film chips in the stack can be taken 
out of the casing body through the first opening by mov- 
ing the chemical analysis film chip in the direction per- 
pendicular to the direction of the stack and a second 
opening being formed in the first end wall of the casing 
body so that a film takeout means can hold the chemicai 
analysis film chip nearest to the first end wall through 
the second opening and take the film chip out of the cas- 
ing body through the first opening. 

This method may be characterized by the steps of 

inserting a film takeout means into the casing body 
through the second opening and causing the film 
takeout means to attract and hold the chemical 
analysis film chip nearest to the first end wail under 
a suction force, 

retracting the film takeout means toward the second 



opening by a predetermined distance with the film 
chip held on the film takeout means to bring oppo- 
site side portions of the film chip held on the film 
takeout means into abutment against the inner 

5 edge of the second opening and further moving the 
film takeout means in the same direction, thereby 
reshaping the film chip into a predetermined 
warped-shape which is convex outward from the 
second opening, and 

10 moving the film takeout means toward the first 
opening with the film chip held in the warped state 
to carry the film chip out of the casing body through 
the first opening which is formed in the predeter- 
mined warped-shape. 

is 

\r\ this specification, the term "the width of the first 
opening" means the space between the edges of the 
first opening opposed to each other in the direction of 
the stack of the chemical analysis film chips. 

20 The term Ihe film chip is in the normal state 11 means 
that the film chip is simply in the stack free from the film 
takeout means. 

The projection for preventing the chemical analysis 
film chip nearest to the first end wall from going out the 

£5 casing body through the first opening has an edge por- 
tion which can prevent a film chip having the smallest 
radius of curvature from passing through the first open- 
ing when it is in the normal state but permits any film 
chip reshaped into the predetermined warped-shape to 

30 pass through the first opening without interference with 
the projection. Though the chemical analysis film chip 
can be in complicatedly warped or curved state, the ra- 
dius of curvature as used in this specification means that 
of the primary warp or curve of the film chip as viewed 

os sn the direction of movement of the film chip when it is 
passed through the first opening by the film takeout 
means. 

In the reshaped state, each film chip has a radius 
o! curvature smaller than that of the film chip having the 

40 smallest radius of curvature in the normal state. 

In the cartridge described above and being usable 
with the present invention, since the width of the first 
opening is larger than the thickness of one chemical 
analysis film chip and smaller than double the thickness 

45 of one chemical analysis film chip at least a part of the 
first cpening f when the film chip nearest to the second 
opening (will be referred to as "the leading film chip", 
hereinbeiow) is reshaped as described above and 
moved through the first opening by the film takeout 

£0 means, the film chips other than the leading film chip 
which can move toward the first opening trailed by the 
leading film chip are stopped by the side wall of the cas- 
ing body and accordingly only the leading film chip can 
be passed through the first opening. 

55 When an urging means for urging the stack of the 
chemical analysis film chips toward the first end wall is 
provided in the casing body : the leading film chip can be 
constantly positioned near the first end waif irrespective 
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of the number of the film chips in the cartridge, whereby 
the stroke of the film takeout means by which the film 
takeout means is inserted into the casing body to hold 
the leading film chip can be uniform irrespective of the 
number of the film chips in the cartridge and automated 
operation of taking out the film chip can be smoothly ef- 
fected. 

Further when the first opening is provided with a 
projection which prevents the chemical analysis film 
chip nearest to the first end wall from going out the cas- 
ing body through the first opening when the film chip is 
in the normal state, the chemical analysis film chips are 
prevented from falling from the cartridge when an impact 
is applied to the cartridge from outside the cartridge, for 
instance, during transfer. 

In the above described method of taking out the film 
chip from the cartridge usable with the present inven- 
tion, the suction means is retracted with the film chip 
held on the suction means so that the film chip held on 
the suction means abuts against the edge of the second 
opening on opposite sides of the suction means and 
then further retracted to pull the central portion of the 
film chip in this state into the second opening, thereby 
reshaping the film chip into a predetermined warped- 
shape, 

Thus each of the chemical analysis film chips in var- 
ious warped-shapes is once reshaped into the prede- 
termined warped-shape which substantially conforms to 
the shape of the first opening by pulling the central por- 
tion of the film chip into the second opening white sup- 
porting the opposite side portions of the film chip by the 
inner surface of the firsl end wall on opposite sides of 
the second opening, 

Then the film chip is passed through the first open- 
ing being kept in the predetermined warped-shape. 

Accordingly when the leading film chip is taken out, 
the film chips other than the leading film chip which can 
move toward the first opening trailed by the leading film 
chip by a friction force therebetween are stopped by the 
side wail of the casing body and accordingly only the 
leading film chip can be passed through the first open- 
ing. 

The first opening has a radius of curvature smaller 
than that of the film chip having the smallest radius of 
curvature in the normal state, and accordingly the chem- 
ical analysis film chips cannot fall from the cartridge 
through the first opening even when an impact is applied 
to the cartridge from outside the cartridge, for instance, 
during transfer 

By arranging the film takeout means to attract the 
support sheet of the film chip under a suction force when 
taking out the film chip from the cartridge, the reagent 
layer and/or the spreading layer of the film chip are not 
subjected to a force and can be prevented from being 
damaged. 

In this specification, the "predetermined attracting 
position" is a predetermined fixed position where the 
suction means is to be positioned when it attracts the 



chemical analysis film chip in the cartridge to take it out 
from the cartridge. 

The "predetermined conforming position" is a posi- 
tion where the cartridge is to be positioned with respect 

s to the cartridge in order to permit the suction means to 
precisely attract a predetermined portion of the film chip. 

In the method and the device of the present inven- 
tion, the position of the cartridge held by the cartridge 
holding means is adjusted within the play with respect 

*0 to the suction means and the cartridge can be positioned 
precisely in the conforming position with respect to the 
attracting position, whereby the suction means can pre- 
cisely attract a predetermined portion of the film chip. 
In accordance with the present invention, by delib- 

1$ erately providing a play between the cartridge and the 
cartridge holding means, the error in precision of the car- 
tridge holding means drive mechanism can be compen- 
sated for and the cartridge can be precisely positioned 
in the conforming position by adjusting the position of 

^0 the cartridge with respect to the attracting position or the 
suction means within the play. Thus the suction means 
can precisely attract a predetermined portion o! the film 
chip, which ensures better biochemical analysis. 

25 Figure 1A is a perspective view partly cut away 
showing a chemical analysis film chip cartridge 
which can be used together with the present inven- 
tion.. 

Figure 18 is a fragmentary perspective showing a 
so bottom portion of the cartridge, 

Figure 2A is a perspective view showing a chemical 
analysis film chip under the normal humidity condi- 
tion, 

Figures 2B and 2C are perspective views showing 
55 the chemical analysis film chip in a dry state, 

Figures 3A and 3B are schematic views showing 
the stack of the chemical analysis film chips in the 
cartridge, 

Figures 4A and 4B are schematic views for illustrat- 
es jng the shape of the first opening of the cartridge, 
Figures 5A to 5D are schematic views for illustrating 
the procedure of taking out the film chip from the 
cartridge, 

Figure 6 is a schematic perspective view showing 
45 an biochemical analysis apparatus for effecting bi- 
ochemical analysis using the chemical analysis film 
chip shown in Figure 2, 

Figure 7 is a schematic perspective view showing 
the film retainer in the cell of the incubator, 
so Figure 8 is a perspective view showing the transfer 
member shown in Figure 6. 
Figure 9 is a schematic view showing a modification 
of the first opening, 

Figure 10 is a schemat ic cross-sectional vie w sh ow- 
55 ing a film supplier employed in carrying out the 
method of positioning the cartridge in accordance 
with the present invention, 
Figure 1 1 is a bottom view partly cut away of the film 
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supplier shown in Figure 10, 
Figure 1 2 is a fragmentary view showing an impor- 
tant part of a film takeout device in accordance with 
an embodiment of the present invention, 
Figures 13A io 13D are views showing the proce- 
dure for positioning the cartridge with respect to the 
suction means by the film takeout device shown in 
Figure 12, 

Figures 14A to 14C are views showing the proce- 
dure for positioning the cartridge with respect to the 
suction means by a modification of the film takeout 
device shown in Figure 12, 
Figures 15A and 15B are perspective views show- 
ing a modification of the film takeout device shown 
in Figure 10 ; 

Figure 16 is a perspective view showing another 
modification of the film takeout device shown in Fig- 
ure 10 ! 

Figure 17 is an example where the guide surfaces 
are provided on the cartridge, and 
Figure 18 is a schematic view showing another ex- 
ample of the film takeout devrce. 

Figure 1A is a perspective view partly cut away 
showing a cartridge 20 usable with the present invention 
and Figure 1 B is a fragmentary perspective view show- 
ing the bottom o! the cartridge 20. The cartridge 20 com- 
prises a box-like casing 21 for accommodating a stack 
of chemical analysis film chips 1, a spring member 30 
mounted on the inner side of the top wall 20a of the cas- 
ing 21 and a pushing member 31 which is mounted on 
the fower end portion of the spring member 30 and urges 
downward the stack of the film chips 1 . A first opening 
20c is formed in one side wall 20b of the casing 21 at a 
portion near to the bottom wall 20d of the casing 21 . The 
first opening 20c is shaped and sized to permit only the 
lowermost film chip of the stack to pass therethrough. A 
U-shaped second opening 20e which gives a suction 
pad 70 (Figure 4) for holding the film chip 1 access to 
the lowermost film chip la is formed in the bottom wall 
20d of the casing 21 . A part of the side wall 20b below 
the first opening 20c is cut away so that the first opening 
20c and the second opening 20e communicate with 
each other. 

On the outer surface of another side wall 20f of the 
casing 21 , there is recorded magnetic stripes (or a mag- 
netic band) 20g which carries information such as prop- 
erties of the film chips 1 accommodated in the cartridge 
20. A pair of ribs 20h are formed in each of the side wail 
20b and the side wail opposite to the side wall 20b in 
order to hold the cartridge 20 in a cartridge holding por- 
tion 22a (to be described later with reference to Figure 
6} and to prevent insertion of the cartridge 20 in a wrong 
position. 

The bottom wail 20d of the casing 21 is removable 
from the side walls of the casing 21 and is inserted into 
the side walls with the stack of the fiim chips 1 placed 
thereon so that the uppermost film chip is pressed 



against the pushing member 31 , whereby the lower film 
chip la is pressed against *he inner surface of the bottom 
wall 20d under the force of the spring member 30. The 
bottom wall 20d is fixed there by a suitable means (not 
£ shown). 

The casing 21 is, for instance, 
15mmx15mmx100mm in size and about imm in wall 
thickness. The casing 21 may be formed of light-shield- 
ing black plastic material such as polystyrene. 

10 Information on the film chips 1 m the cartridge such 
as those representing the kind of the film chips 1 lot 
correction information, the items of analysis, the number 
o! the film chips and the like are magnetically recorded 
on the magnetic stripes 2g> and a magnetic head in the 

f£ analysis system reads the information for the subse- 
quent biochemical analysis. 

Figure 2 A shows the chemical analysis film chip 1 
and Figures 2B and 2C show the state of the chemical 
analysis film chip 1 in a dry state. 

20 The film chip 1 is formed by coating or bonding a 
reagent layer 3 on a transparent support sheet 2 of an 
organic polymer sheet or the like (e.g., polyethylene 
terephthalate sheet or polystyrene sheet), and laminat- 
ing a spreading layer 4 on the reagent iayer 3. It should 

2& be noted that the film chip 1 is not provided with any 
frame. 

The reagent layer 3 comprises at least one layer 
composed of a porous layer or a hydrophilic polymer 
binder such as gelatin containing therein a reagent com- 

30 ponent which makes coloring reaction with analyte. 

The spreading layer 4 is formed of woven or knitted 
fabric (or doth} of synthetic fiber resistant to rubbing 
such as polyester, or of blend of natural fiber and syn- 
thetic fiber unwoven fabric or paper and functions as a 

3£ protective layer. Further the spreading layer 4 causes 
sample liquid applied thereto to uniformly spread over 
the reagent layer 3. 

The thickness of the support sheet 2 is ; for instance 
150 to 200jim : the thickness of the reagent layer 3 is, 

4Q forinstance 10to40^m, and the thickness of thespread- 
ing layer 4 is : for instance 200 to 250um 

The support sheet 2, the reagent layer 3 and the 
spreading layer 4 are of substantially the same size and 
for instance 12mm x 12mm. 

45 Under the normal humidity conditions the film chip 
1 is substantially flat as shown in Figure 2A. The film 
chip 1 is stored in a dry environment (e.g. ; in an envi- 
ronment where the humidity is not higher than 20%) in 
order to suppress chemical reaction, and in a dry state, 
the film chip 1 is warped (curled or curved) toward the 
spreading layer 4 as shown in Figure 2B or 2C. In the 
state shown in Figure 2B : the film chip 1 is curled in one 
direction and in the state shown in Figure 2C, the film 
chip 1 is curled in a plurality of directions. 

£5 The direction of curl and the curvature thereof var- 
ies depending on the kind of the reagent m the reagent 
layer 3, the arrangement of the layers and the kind of 
material of the support sheet 2. For example, when a 



6 



11 



EP0722 089B1 



12 



film chip 1 which is 12mm x 12mm in size and 0,5mm in 
thickness is stored in an absolute dry state for five days, 
the curvature is about 100 to 1500u.m at the maximum. 

A plurality of (e.g. ; 100 pieces) film chips 1 are 
stacked with the support sheet 2 lacing downward and 
set between the pushing member 31 and the bottom wail 
20dof the casing 21. 

Since the film chips 1 are cur\e6 toward the spread- 
ing layer 4 in the dry state s they are stacked in the car- 
tridge 20 in a state as shown in Figure 3A or 3B. 

It is difficult for the conventional automatic chemical 
analysis system as it is to handle the curled film chip 1 . 
That is, operation of taking out the film chips 1 one by 
one from a cartridge in a drying container (supplier), op- 
eration of applying sample liquid to the film chip 1 and 
transferring it to an incubator, operation of inserting the 
film chip 1 into a cell of the incubator and incubating it 
at a constant temperature and operation of measuring 
the optical density after a predetermined time and taking 
out and discarding the film chip 1 are must be carried 
out taking into account the shape of the film chip 1 . The 
first opening 20c of the cartridge 20 described above is 
shaped taking into account the shape o! the film chip 1 . 

As shown in Figure 4A : the first opening 20c is sized 
and shaped so that the fiim chip la can be passed 
through the first opening 20c so long as it has been re- 
shaped into a predetermined warped-shape in the man- 
ner to be described later However, even if the respec- 
tive film chips are reshaped, the warped-shape some- 
what differs from chip to chip, and accordingly, only the 
space c between each of the edges 20i of the second 
opening 20e and the upper edge of 20j of the first open- 
ing 20c just above the edge 20i is strictly set to a value 
larger than the thickness of one film chip 1 and smaller 
than double the thickness of the same ; and the first 
opening 20c is somewhat wider than the space c at the 
other parts so that the film chips 1 can be surely and 
smoothly taken out through the first opening 20c irre- 
spective of minor differences in shape of the film chips 
in the reshaped slate. 

More particularly, the width (the space between the 
upper and lower edges) of first opening 20c is gradually 
enlarged toward the respective ends. 

When the length a of the margin of the bottom wall 
20d which supports opposite edge portions of the film 
chip 1a, i.e., the distance between the edge 20i of the 
second opening 20e and the inner surface of the side 
wail 20f or 20k, is short, the film chip 1 a can be reshaped 
with a relatively weak force. However when the length 
a is too short, there is lear that the fiim chip la lails 
through the second opening 20e when an impact is ap- 
plied to the cartridge. Accordingly it is preferred thai the 
length a be set as short as possible so long as it does 
not cause the fear. For example, the length a may be 
1mm. 

A protrusion 201 is provided on the central portion 
of the upper edge of the first opening 20c. The protrusion 
201 prevents the other fiim chips 1 from passing through 



the first opening 20c when the lowermost film chip la is 
passed therethrough and at the same time prevents the 
lowermost fiim chip 1a from passing through the first 
opening 20c in case that an impact is applied to the car- 

s tridge 20 in the normal state of the lowermost film chip 
ia where it is not reshaped by the suction pad 70. Ac- 
cordingly the extreme portion of the protrusion extends 
beyond the upper edges 20j of the first opening 20c by 
a distanced which ensures that even the film chip 1 hav- 

J0 jng the smallest radius of curvature in the normal state 
interferes with the inner surface of the protrusion 201 as 
shown in Figure 4B unless it is reshaped, e.g., when the 
film chips 1 are stored. 

it is needless to say that the distance d and the cur- 

*s vature of the lower edge of the protrusion 201 should be 
set to permit the lowermost fiim chip 1 a to pass through 
the first opening 20c when it is held by the suction pad 
70 and reshaped into the predetermined warped-shape. 
How to take out the film chips 1 from the cartridge 

20 will be described with reference to Figures 5A to 5D r 
hereinbelow. 

As shown in Figure 5A t the film chips 1 are stacked 
in the cartridge 20 with each of the film chips 1 curled to 
be convex downward and the stack is pressed against 
the upper surface of the bottom wait 20d underthe force 
of the spring member 30. The spring force of the spring 
member 30 is set so that, even after all the film chips 1 
but one are taken out from the cartridge 20, the spring 
member 30 can press the last film chip 1 against the 

30 upper surface of the bottom wall 20d. 

The suction pad 70 for taking out the film chip 1 is 
positioned below the second opening 20e of the casing 
21 and is moved upward (in the direction of arrow A) 
under the control at a controller 

35 The suction pad 70 is inserted through the second 
opening 20e to be brought into abutment against the 
lowermost film chip 1a and further moved upward into 
closer contact with the lowermost fiim chip 1 a as shown 
in Figure 5B. In this position, the suction pad 70 holds 

40 the lowermost film chip 1 under a suction force supplied 
from a vacuum pump not shown. Since the suction pad 
70 attracts the support sheet 2 of the film chip 1a ; the 
film chip la can be surely attracted on the suction pad 
70 under the suction force and there is no possibility of 

45 damaging the reagent layer 3 and/or spreading layer 4. 
The support sheet 2 is arranged to be strong 
enough to withstand the suction force acting on the film 
chip 1 during taking out from the cartridge 20 and during 
subsequent transfer thereof, 

$o Thereafter the suction pad 70 is moved downward 
holding the film chip l a underthe control of the controller 
until the film chip 1 a is reshaped into the predetermined 
warped-shape convex downward as shown in Figure 
5C. That is, the parts of the film chip 1 a on opposite sides 

ss of the suction pad 70 is brought into abutment against 
the edges of the second opening 20e on the way and 
as the suction pad 70 is further moved downward., the 
central portion of the film chip 1a is pulled downward 
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with the parts of the film chip 1a on opposite sides of the 
suction pad 70 supported by the edges ot the second 
opening 20e 3 whereby the film chip 1a is reshaped into 
the predetermined warped-shape. 

The total suction force applied to the support sheet 
2 during the reshaping is set to, for instance, no! smaller 
than 300g assuming that the film chip 1a is 12mm x 
12mm in size and the maximum diameter of a suction 
cup 70a o! the suction pad 70 is Ornnruj). The force to be 
applied to the suction pad 70 to pull the film chip la during 
the reshaping should be sufficiently smaller than the 
suction force, e.g., 100g T in order to prevent the film chip 
1 a from being released from the suction pad 70 or being 
moved relative to the suction pad 70 during the reshap- 
ing. 

The reason why the film chip la is reshaped into 
the predetermined warped-shape is that the film chips 
1 in the cartridge 20 are warped or curled in different 
curvatures and in different shapes and since the first 
opening 20c is shaped and sized to permit only one film 
chip 1 to pass therethrough, the film chip 1 cannot be 
passed through the first opening 20c unless its shape 
and curvature conform to the shape of the firs! opening 
20c. 

After the reshaping, the suction pad 70 is moved in 
the direction of arrow 8 holding the reshaped film chip 
1 a to take out the same through the first opening 20c as 
shown in Figure 5D. 

Since the film chip la is reshaped into the predeter- 
mined warped-shape ; the support sheet 2 is formed not 
to be damaged (cracked) when it is warped whib it is 
attracted by the suction pad 70. 

Further, when the lowermost film chip la ^s taken 
out, the spreading layer 4 of the lowermost fHm chip 1 
is rubbed with the support sheet 2 of the second lower- 
most film chip 1 , and accordingly it is preferred that the 
f rict ion coefficient between the sp readin g layer 4 and the 
support sheet 2 be small (e.g., not larger than 1) so that 
the lowermost film chip la can be smoothly taken out. 

After the lowermost film chip 1a is taken out, the 
stack of the film chips 1 are moved downward under the 
force of the spring member 30 by the distance corre- 
sponding to the thickness of the film chip 1 . 

An automated biochemical analysis apparatus for 
effecting biochemical analysis using the chemical anal- 
ysis film chip 1 taken out from the cartridge will be de- 
scribed hereinbelow. 

Figure 6 is a perspective view showing an example 
of such a biochemical analysis apparatus. 

The biochemical analysis apparatus 10 comprises 
a film supplier 1 1 in which a plurality of virgin film chips 
1 are stored, an incubator 12 which is disposed beside 
the film supplier 11 and incubates the film chips 1 trans- 
ferred from the film supplier 11 , a film transfer means 1 3 
which transfers the film chips 1 from the film supplier 1 1 
to the incubator 12, a sample liquid supplier 14 in which 
a plurality of sample liquids such as serum, urine or the 
like are stored, a spotting mans 1 5 which applies one of 



the sample liquids in the sample liquid supplier 14 to the 
film chips 1 on the way to the incubator 12, and a light 
measuring system 16 disposed below the incubator 12. 
The film chips 1 are stored in cartridges 20 for the 

5 respective items of analysis. In the cartridge 20, a plu- 
rality of the film chips 1 are stacked with the support 
sheet 2 facing downward. As shown in Figure 5 E the film 
supplier 11 is provided with a plurality of cartridge hold- 
ing portions 22a which are arranged in inner and outer 

*o circles on a disk-like support 22 and a plurality of car- 
tridges 20 loaded with the film chips 1 are held in the 
respective cartridge holding portions 22a. The support 
22 is supported for rotation on a base portion 24 and is 
rotated by a motor not shown so that a predetermined 

is cartridge holding portion 22a is brought to a film takeout 
position where the film transfer means 13 takes out a 
film chip 1 from the cartridge 20. 

The support 22 is provided with a cover 25 which 
encloses the inner space of the film supplier 1 1 . The cov- 

£0 er 25 is provided with a pair of openings 25a provided 
with lids and the cartridges 20 can be taken out and in- 
serted into the cartridge holding portion 22a through the 
openings 25a. An dehumidifying agent holding portion 
27 is formed in the support 22 at the center thereof and 

2$ dehumidifying agent (dessicant) is loaded in the dehu- 
midifying agent holding portion 27 through an opening 
25b formed in the cover 25. The opening 25b is provided 
with a lid. Thus the inner space of the film supplier 11 is 
kept dry. A shutter (not shown) is provided in the lower 

so surface of the cover 25 in the film takeout position. The 
shutter is opened when the film chip 1 *s taken out from 
the cartridge 20 and a suction pad 70 of the film transfer 
means 13 takes out the lowermost film 1 in the cartridge 
20 through the shutter 

35 As shown in Figure 6 T the incubator 12 comprises 
a disMike body portion 40 which is supported to be ro- 
tated by a drive mechanism 41 disposed below the body 
portion 40 at the center thereof. A plurality of cells 42 
are provided in the body portion 40 at predetermined 

40 intervals in the circumferential direction thereof. The film 
chips 1 are incubated in the cells 42, 

The body portion 40 comprises a lower disk 45 of 
metal having a flat upper surface and an upper disk of 
metal (not shown) provided on the lower disk 45 and is 

45 fixed to the lower disk 45 by screws. The peripheral edge 
portion of the upper disk is bulged upward to form an 
annular channel open downward. The lower edge of the 
outer peripheral edge of the upper disk is spaced from 
the upper surface of the lower disk 45 to form an opening 

50 which opens in the side surface of the incubator 1 2 and 
gives access to the cells 42. A heater {not shown) is dis- 
posed between the lower and upper disks. The heater 
is controlled to heat the film chips 1 in the cells 42 to a 
predetermined temperature (e.g., 37°C) on the basis of 

55 the output of a temperature sensor (not shown). 

A plurality of light measuring windows lor photom- 
etry are formed in the lower disk 45 to be opposed to 
the respective cells 42, and a film retainer (or cover) 61 
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(Figure 7) for fixing the film chip 1 in a predetermined 
position in the cell 42 is provided above each of the light 
measuring windows. A measuring system 1 6 has a light 
measuring head 95 which is disposed below the body 
portion 40 in a light measuring position. 

As shown in Figure 7, the film retainer 61 has a rec- 
tangular frame portion 61a on the lower surface thereof. 
The inner dimensions of the frame portion 61a is larger 
than the outer dimensions of the fiim chip 1 and a pro- 
trusion 61 b is provided at each corner of the frame por- 
tion 61a to project inward. When the film retainer 61 is 
moved downward against the film chip 1 , only the pro- 
trusions 61b are brought into contact with the fiim chip 
1 so that the retainer 61 is not brought into contact with 
the portion S over which the sample liquid can spread. 
The film retainer 61 is urged downward under the force 
of a spring provided on the upper surface of the retainer 
61. 

Thus the film chip 1 is Kept flat during incubation 
and measurement of the optical density, whereby incu- 
bation can be effected with a high efficiency and the ac- 
curacy ot analysis can be ensured. 

The fiim transfer means 13 for transferring the film 
chip 1 from the film supplier 11 to the incubator 12 com- 
prises said suction pad 70 for taking out the film chip 1 
from the cartridge 20 ; a horseshoe-iike transfer member 
73 which receives the film chip 1 held on the suction pad 
70 from below the film chip 1 with the reagent layer 3 
facing upward and inserts the film chip 1 into the cell 42 
in the incubator 12 through the opening which opens 
sideways, and a suction member76 which moves in and 
out the ceil 42 from below the cell and receives the film 
chip 1 held by the transfer member 73 inside the cell 42, 

The suction pad 70 comprises a suction cup 70a 
which is directed upward and attracts the lower side of 
the support sheet 2 of the film chip 1 , The suction cup 
70a is supported on a base portion which is moved back 
and forth and up and down by a drive mechanism (not 
shown) and is connected to a suction pump (not shown) 
through a vacuum tube. The suction pad 70 takes out 
the film chip 1 from the cartridge 20 in the manner de- 
scribed above and transfers the fiim chip 1 to the posi- 
tion where the sample liquid is applied on the film chip 1 , 

As shown in Figure 8, the transfer member 73 is like 
a horseshoe in shape and has a flat upper surface. That 
is, the transfer member 73 is bifurcated in the front end 
portion to form a pair of arm portions 73b extending on 
opposite sides of a cutaway portion 73a t and a plurality 
of suction holes 74 are formed to surround the cutaway 
portion 73a and to open in the upper surface of the trans- 
fer member 73. The suction holes 74 are connected to 
a suction pump (not shown) through a vacuum tube 75. 
The base portion 73c of the transfer member 73 is con- 
nected to a drive mechanism (not shown) to be inserted 
iniothe cell 42 in the incubator 1 2 through the side open- 
ing 42a of the incubator 42. 

When the transfer member 73 receives the film chip 
1 from the suction pad 70, the transfer member 73 is 



moved toward the suction pad 70 holding the film chip 
1 and is stopped in a position where the suction pad 70 
is in the cutaway portion 73a of the transfer member 73 
with the film chip 1 positioned above the cutaway portion 

s 73a. Then the suet ion pad 70 is moved downward be to w 
the transfer member 73 leaving the film chip 1 on the 
transfer member 73. The film chip 1 left on the transfer 
member 73 is held thereon under the suction force pro- 
vided through the suction holes 74, When the position 

10 of the suction pad 70 relative to the film chip 1 held there- 
by is accurately controlled, the position of the transfer 
member 73 relative to the film chip 1 can be accurately 
controlled and a predetermined amount of the sample 
liquid can be accurately applied to the center of the re- 

1$ agent layer 3 of the film chip 1 held by the transfer mem- 
ber 73. 

The suction member 76 is positioned below the ceil 
42 in the incubator 1 2 and comprises a suction cup sup- 
ported on a base portion (not shown) to be moved up 
20 and down by a drive mechanism not shown) into and 
away from the ceil 42 through the light measuring win- 
dow. The suction cup is connected to a suction pump 
{not shown) through a vacuum hose. 

A film takeout means 17 is disposed in the film 
£5 takeout position of the incubator 12. The film takeout 
means 17 comprises a takeout suction pad 81 which at- 
tracts the film chip 1 in the cell 42 which has finished 
with measurement and lifts it, a horseshoe-like transfer 
member 82 which receives the film chip 1 from the 
30 takeout suction pad 61 and transfers it outside the incu- 
bator 1 2 and a discarding suction pad 83 which receives 
the film chip 1 from the transfer member 82 and discards 
it into a discarding box 84. 

The sample liquid supplier 1 4 comprises a turn table 
3$ 85 which is rotated by a drive mechanism 86. The turn 
table 85 holds a plurality of sample tubes 87 filled with 
sampie liquids which are arranged along the circumfer- 
ential edge of the turn table 85 and is rotated to bring 
the sample tubes 87 to a sample liquid supplying posi- 
40 tion one by one. A plurality of nozzle tips 88 which are 
mounted on a spotting nozzle 91 to be described later 
are held on the turn table 85 inside the sample tubes 87. 

The spotting means 15 for applying the sample liq- 
uid to the film chip 1 comprises a spotting nozzle 91 
45 which sucks and discharges the sample liquid, and a 
nozzle tip 88 like a pipette is demountably mounted on 
the nozzle 91 , The nozzle 91 is moved up and down and 
rotated by a drive mechanism 92. That is, the nozzle 91 
sucks the sample liquid from the sample liquid supplier 
bo 14, is moved to the film chip 1 held by the transfer mem- 
ber 73, and then applies the sample liquid to the fiim 
chip 1 . The nozzle tip 88 is changed every time the sam- 
ple liquid is changed. 

The film chip 1 applied with the sample liquid is 
ss transferred to the incubator 1 2 and incubated there, Af- 
ter incubation for a predetermined iime : the optical den- 
sity of the reagent layer 3 is measured by the light meas- 
uring system 16 disposed below the incubator 12. The 
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light measuring system 16 comprises said fight meas- 
uring head 95 for measuring the optical density o! the 
color formed by the coloring reaction between the rea- 
gent layer 3 and the sample liquid. The light measuring 
head 95 projects measuring light containing light of a 
predetermined wavelength onto the reagent layer 3 
through the support sheet 2 and detects reflected fight 
with a photodetector. Light from a light source (lamp) 96 
enters the light measuring head 95 through a filter 97 
and is caused to impinge upon the reagent layer 3 by 
the head 95. A plurality of kinds of the filters 97 are 
mounted on a rotary disk 98 which is driven by an elec- 
tric motor 99 and one of the filters 97 is selected accord- 
ing to the item of measurement, 

The reflected light from the reagent layer 3 carries 
thereon optical information (more particularly the 
amount of light) on the amount of coloring matter formed 
by the coloring reaction between the reagent layer 3 and 
the sampie liquid. The reflected light is received by the 
photodetector and the optical information carried by the 
reflected light is converted to an electric signal by the 
photodetector The electric signal is input into a deter- 
mination section through an amplifier. The determina- 
tion section determines the optical density of the color- 
ing matter formed by the coloring reaction between the 
reagent layer 3 and the sample liquid on the basis of the 
level of the electric signal and determines the concen- 
tration of a predetermined chemical component in the 
sample liquid. 

The measurement by the biochemical analysis sys- 
tem 1 0 is effected in the following manner That is. a film 
chip 1 is taken out by the suction pad 70 of the transfer 
means 13 from a cartridge 20 storing therein chemical 
analysis film chips 1 corresponding to the item of meas- 
urement. The film chip 1 held by the suction pad 70 is 
transferred to the transfer member 73 with the reagent 
layer 3 facing upward and a sample liquid is applied to 
the reagent layer 3. 

That is, a nozzle tip 88 is mounted on the spotting 
nozzle 91 o! the spotting means 1 5 and the spotting noz- 
zle 91 is moved above a desired sample tube 87 in the 
sample liquid supplier 14. Then the nozzle 91 is moved 
downward to bring the nozzle tip 88 into the sample liq- 
uid and the nozzle 91 sucks a predetermined amount ol 
the sample liquid into the nozzle tip 88. Thereafter the 
nozzle 91 is moved above the center of the film chip 1 
on the transfer member 73 and moved downward to- 
ward the film chip 1 1 where a predetermined amount of 
sample liquid is applied to the reagent layer 3 from the 
nozzle tip 88. The sample liquid spreads over the rea- 
gent layer 3 and mixes with the reagent therein. 

The film chip 1 applied with the sample liquid is in- 
serted into one of the cells 42 of the incubator 1 2 through 
the side opening 42a by the transfer member 73. 

Coloring reaction (coloring matter forming reaction) 
is caused when the film chip 1 with the sample liquid is 
heated to a predetermined temperature in the ceil 42 in 
the incubator 12, and the optical density of the coloring 



matter is measured by the light measuring head 95 after 
a predetermined time or at predetermined intervals. 

When the suction pad 70 takes out the film chip 1 
from the cartridge 20, it is preferred that the cartridge 20 
s is precisely positioned with respect to the suction pad 
70 (a film takeout means) so that the suction pad 70 can 
precisely attract a predetermined portion of the film chip 
1a. 

A method ol and a device for precisely positioning 
io the cartridge 20 with respect to the suction pad 70 (a 
film takeout means) so that the suction pad 70 can pre- 
cisely attract a predetermined portion of the film chip 1a 
will be described with reference to Figures 10 to 18, 
hereinbeiow. 

*5 Figure 10 is a cross-sectional view showing a film 
supplier 1 1 1 which is suitable for carrying out the method 
of the present invention, Figure 11 isa bottom view part- 
ly cutaway of he film supplier 111 and Figure 1 2 is a frag- 
mentary view showing a device for positioning the car- 
20 thdge 20 in accordance with an embodiment of the 
present invention. 

The film supplier 111 is basically the same as the 
film supplier 11 shown in Figure 6. That is } the film sup- 
plier 111 is provided with disk-like support 1 22 which is 
2£ supported for rotation on a base portion 124. The sup- 
port 122 has a plurality of cartridge holding portions 
122a which are arranged in Inner and outer circles on 
the support 122 and a plurality of cartridges 20 loaded 
with the film chips 1 are held in the respective cartridge 
so holding portions 122a. 

The support 122 is provided with a cover 125 which 
tightly encloses the inner space of the film supplier 111. 
The cover 125 is provided with a pair ol openings 25a 
provided with lids and the cartridges 20 can be taken 
35 out and inserted into the cartridge holding portion 1 22a 
through the openings 125a. The cover 125 can be re- 
moved from the base portion 1 24 ; and in the case where 
trouble occurs in the film supplier 111 and the cartridges 
20 are to be transferred to other place, the cover 1 25 is 
40 removed from the base portion 1 24 so that the cartridg- 
es 20 can be taken out quickly. An dehumidifying agent 
holding portion 127 is tormed in the support 1 22 at the 
center thereof and dehumidifying agent (dessicant) 1 26 
is loaded in the dehumidrfying agent holding portion 1 27 
45 through an opening 1 25b formed in the cover 1 25 at the 
center thereof. The opening 125b is provided with a lid. 
Thus the inner space of the film supplier 11 is kept dry. 
A film takeout port 123 for taking out a predetermined 
film chip 1 from the cartridge 20 and a shutter 128 for 
so opening and dosing the port 1 23 are formed in the bot- 
tom wall ol the base portion 124. The shutter 128 is 
urged by a spring 1 29 toward a closing posrtion in which 
it closes the port 123 and is driven to an open position 
where rl opens the port 123 by a cam 131 which is ro- 
55 tated by a shutter motor 1 30, 

Teeth 1 22b are formed on the peripheral surface ol 
the support 122 and are in mesh with a gear 121a fixed 
to the output shaft of a support motor 121 . The support 
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122 is rotated by the support motor 121 so that a pre- 
determined one of the cartridge holding portions 122a 
is brought to a film takeout position opposed to the film 
takeout port 123. As shown in Figure 12, a film takeout 
means 123 is provided below the film takeout port 1 23 
to take out the chemical analysis film chip 1 from the 
cartridge 20 in the film takeout position. 

The structure of the film takeout means 113 and the 
method of taking out the chemical analysis film chip 1 
from the cartridge 20 will be described, hereinbelow. 
Figures 13A to 13D show the procedure for taking out 
the film chip 1 by the film takeout means 113 shown in 
Rgure 12, 

As shown in Figure 12, the film takeout means 113 
comprises a base portion 114, a suction pipe 115 mount- 
ed on the base portion 1 1 4, a suction pad 1 70 conn ected 
to the suction pipe 115, a guide member 116 mounted 
Oil the suction pipe 11 5 to be movable up and down rel- 
ative to the suction pipe 1 1 5, and a drive mechanism not 
shown. A coil spring 1 17 is provided on the suction pipe 
115 between the guide member 116 and the base por- 
tion 1 1 4 ; and the suction pipe 11 5 is connected to a suc- 
tion pump {not shown) through the base portion 114. 

The cartridge 20 is held in each cartridge holding 
portion 122a with a predetermined play That is, the in- 
ner size of the cartridge holding portion 122a as meas- 
ured in the circumferential direction of the support 122 
is larger than the outer size of the cartridge 20 as meas- 
ured in the circumferential direction of the support 122 
by a predetermined length (i.e., the sum of I and M in 
Figure 12) and the inner size of the cartridge holding 
portion 122a as measured in the radial direction of the 
support 122 is substantially equal to the outer size of the 
cartridge 20 as measured in the radial direction of the 
support 122. Accordingly the cartridge 20 is permitted 
to move in the cartridge holding portion 1 22a in the cir- 
cumferential direction of the support 1 22 by a limited dis- 
tance while It cannot move in the radial direction. 

When a cartridge 20 is brought to the film takeout 
position opposed to the film takeout port 1 23 by rotation 
of the support 1 22 r the position of the cartridge 20 in the 
circumferential direction of the support 122 sNghtly var- 
ies due to error in precision of the support drive mech- 
anism. The position of the film takeout means 113 rela- 
tive to the film takeout port 123 can be set with a high 
accuracy. More particularly the film takeout means 113 
is set in such a position that when the suction pad 170 
is moved right upward from the position, it can be pre- 
cisely brought into contact with the iowermost film chip 
1 in the cartridge 20 at the center of the film chip 1 so 
long as the cartridge 20 is precisely positioned in a pre- 
determined calcuiative position relative to the film 
takeout port 123. 

The guide member 116 has a pair of wall portions 
which extend substantially vertically spaced from each 
other in the direction of the width of the cartridge 20 (in 
the circumferential direction of the support 122). The 
wall portions are bent outward at intermediate portions 



so that the space therebetween increases toward the 
upper ends thereof, whereby a pair of inclined guide sur- 
faces 118a are formed. The space between the guide 
surfaces 116a at the top ends thereof are sufficiently 
s larger than the width of the bottom of the cartridge 20 
so that the bottom of the cartridge 20 can be success- 
fully received between the guide surfaces 118a even if 
the position of the cartridge 20 is shifted from said cal- 
culative position within said play. On the other hand, the 
*0 space between the guide surfaces 116a at the base of 
the inclined guide surfaces 115a are substantially equal 
to the width of the bottom of the cartridge 20. 

When a desired cartridge 20 is stopped in the film 
takeout position opposed to the film takeout port 123 
is and the film takeout port 1 23 is opened, the film takeout 
means 1 1 3 is moved right upward into the film supplier 
111 through the film takeout port 123 as shown in Figure 
1 3A. When the cartridge 20 is in a position shifted from 
the calcuiative position, one edge of the bottom of the 
20 cartridge 20 is brought into abutment against one of the 
guide surfaces 116a as the film takeout means 113 
moves upward and as the film takeout means 113 
moves further upward, the edge of the bottom of the car- 
tridge 20 slides along the guide surface 116a and the 
2S cartridge 20 is pushed toward the calcuiative position 
due to inclination of the guide surface 116a An this man- 
ner, by the time when the bottom of the cartridge 20 is 
received between the bases of the inclined guide sur- 
faces 116a h the cartridge 20 can be precisely positioned 
3£> in the calcuiative position as shown in Figure 1 3B. 

Then the suction pad 170 is inserted into the car- 
tridge 20 through the second opening 20e and brought 
into a close contact with the lowermost film chip 1 in the 
cartridge 20. The suction pad 170 holds the lowermost 
3$ film chip 1 under a suction force and slides it radially 
inwardly as shown in Figure 13C. In this manner, the 
film takeout means 1 1 3 takes out the chemical analysis 
film chip 1 from the cartridge 20 as shown in Figure 1 3D. 
The cartridge, the method of taking out the chemical 
40 analysis film chip 1 from the cartridge, and method of 
and device for positioning the cartridge with respect to 
the suction means in accordance with the present in- 
vention need not be limited to those described above 
but may be variously modified. 
45 For example, though in the embodiment described 
above both the spaces c between the respective edges 
20i of the second opening 20e and the upper edge of 
20j of the first opening 20c just above the edges 20i are 
strictly set to a vaiue larger than the thickness of one 
so film chip 1 and smaller than double the thickness of the 
same, substantially the same effect can be obtained by 
setting only one of the spaces c to such a vaiue and 
setting the width of the first opening 20c' to a larger value 
as shown in Figure 9. 
55 Further instead of urging downward the stack of the 
film chips 1 by the spring member 30, the stack may be 
urged by a ratchet mechanism or if the film chips 1 can 
be surely caused to fall toward the second opening 20e 
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by their own weights, such an urging means may be 
eliminated. 

Further the shape of the protrusion 201 projecting 
into the first opening 20c need not be limited to that de- 
scribed above in conjunction with Figures 4A and 4B but 5 
may be of various shapes so long as the protrusion per- 
mits the reshaped film chip 1 to pass through the first 
opening 20c while preventing the chemical analysis film 
chip 1 in the normal state from passing therethrough. 

Further though in the embodiment described 
above, the film chips 1 are taken out with the cartridge 
20 positioned so thai the second opening 20e opens 
downward, the film chips 1 may be taken out with the 
cartridge 20 positioned inversely. 

Further, though, in the above embodiment, the film 
chip comprises three layers, the support sheet, the re- 
agent layer and the spreading layer the film chip may 
comprise a support sheet and a reagent-containing po- 
rous layer. 

Further the automatic biochemical analysis system 
for carrying out biochemical analysis using the chemical 
analysis film chip of the present invention need not be 
limited to that described above but may be variously 
modified so long as it can carry out biochemical analysis 
with a high accuracy without damaging the film chip. 

Further, though in the embodiment described 
above, the guide member 1 16 is arranged to be brought 
into a sliding engagement with the edges of the bottom 
of the cartndge 20, the guide member 116 may be in the 
form of a tapered member having an inclined guide sur- 
faces ft 6a which are inserted between the ribs 20h on 
the cartridge 20 to be brought into a sliding engagement 
therewith as shown in Figures l4Ato 14C. 

Further though in the embodiment described above 
and the modification shown in Figures 14A to 14C, the 
guide member 116 is integral with the suction pad 170 ; 
the guide member 116 may be movable independent 
from the suction pad 170 as shown in Figures 15A and 
158. In this case, though it is preferred that the guide 
member 116 be moved upward to correct the position 
of the cartridge 20 in synchronization with the suction 
pad 170, it may be moved upward to correct the position 
of the cartndge 20 in response to ; lor instance, move- 
ment of the shutter 1 28 before upward movement of the 
suction pad 170. 

Though, in the embodiment described above, the 
position of the cartridge 20 is corrected only in the cir- 
cumferential direction of the support 122 : if necessary, 
it is possible to correct the position of the cartridge 20 
also in the radial direction of the support 1 22 by provid- 
ing a play in the radial direction between the cartridge 
holding portion 122a and the cartridge 20. In this case, 
for example, the upper portion of the guide member 116 
shown in Figures 14A to 14C is inclined to form an in- 
clined guide surface 116b so that the guide surface 116b 
is brought into a sliding engagement with the radiaNy in- 
ner edge of the bottom of the cartridge 20 as the suction 
pad 170 is moved upward. 



Further though, in the embodiment described 
above, the guide surfaces 116a are provided on the 
guide member 116, the guide surfaces 11 6a may be pro- 
vided on the cartndge 20 as shown in Figure 17. 

Further the position of the cartridge 20 may be cor- 
rected by use of a mechanism 117 such as shown in 
Figure 18 instead of correcting the position of the car- 
tridge 20 by sliding engagement between the cartridge 
20 and the guide member 116. 

In the embodiment described above, it is important 
that the cartridges 20 are held in the cartridge holding 
portions 122a with the first opening 20c directed radialty 
inwardly of the support 122 so that the film chip 1 can 
be taken out by sliding the film chip 1 radially inwardly 
as clearly shown in Figure 11. If the cartridges 20 are 
held in the cartridge holding portions 1 22a with the first 
opening 20c directed radially outwardly of the support 
1 22 so that the film chip 1 is taken out by sliding it radially 
outwardly, the cartridge holding portions 122a must be 
positioned inwardly away from the peripheral edge of 
the support 122 so that a space for taking out the film 
chip 1 is formed between the peripheral edge of the sup- 
port 122 and the cartridge holding portions 122a, which 
reduces the number of the cartridges 20 to be accom- 
modated in the film supplier 111 of a given size. 

In the conventional system where the chemical 
slides having a frame are used, the slides are taken out 
from the cartridge by a pushing mechanism which push- 
es out the slide. However such a pushing mechanism is 
difficult to apply when the cartridge holding portions are 
arranged in a circle, especially in a plurality of concentric 
circles as in the film supplier 11 shown in Figure 1. Fur- 
ther since the pushing mechanism is generally disposed 
at the center of the film supplier, the dehumidifying agent 
(dessicant) cannot be disposed at the center of the film 
supplier but can be disposed only in a peripheral portion 
of the film supplier. Further the dehumidifying agent is 
loaded and unloaded only Irom below the film supplier. 
By using the suction pad 70 or 1 70 to take out the film 
chip 1, such drawbacks can be eliminated. 



Claims 

1 . Method of taking out a frameiess chemical analysis 
film test element (1,1a) from a cartridge (20) held 
by a cartridge holding means (11 : 22, 22a, 122,122a, 
1 11 ) by attracting the chemical analysis film test el- 
ement under a suction force by a suction means 
(70,703,170,115) in a predetermined attracting po- 
sition 

characterised in that 

said cartridge (20) is held by said cartridge holding 
means (122,122a 5 111) with a predetermined play, 
and said cartndge (20) is guided to a predetermined 
conforming position within the range of said prede- 
termined play when the film test element (1,1a) is 
taken out from said cartridge (20), said predeter- 
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mined conforming position being a position where 
said cartridge (20) is to be positioned with respect 
to said suction means (170,115) in order to permit 
said suction means (1 70, 1 1 5} to precisely attract a 
predetermined portion of said film test element 5 
(1,1 a). 

2. Device for taking out a film test element (1 , 1 a) from 
a cartridge (20) held by a cartridge holding means 

(11 ,22,111,22a, 122, 122a) by attracting the chemt- w 
cai analysis film test element (1 : 1 a) under a suction 
force by a suction means (1 1 570, 1 7070a) in a pre- 
determined attracting position 
characterised in that 

said cartridge holding means (122,1228,111) is ar- ^ 
ranged to hold said cartridge (20) with a predeter- 
mined play, and there is provided a guide means 
( 1 1 6) wh ich is adapted to engage with said cartndg e 
(20) held by said cartridge holding means 
( 1 22 T 1 22a T 1 1 1 ) to guide same with in said predete r- 20 
mined play in the vicinity of said suction means 
(170,115) to a predetermined conforming position, 
said predetermined conforming position being a po- 
sition where said cartridge (20) is to be positioned 
with respect to said suction means (170,115) in or- 25 
der to permit said suction means to precisely attract 
a predetermined portion of said film test element 
(1,1a). 

3. Device as defined in claim 2, in which said guide so 
means (1 1 6) guides said cartridge (20) to said con- 
forming position in response to movement of said 
suction means (170,115) to said attracting position. 

4. Device as defined in claim 2 in which said guide 35 
means (116) comprises a guide portion (116a) 
which is formed at at least one of said cartridge (20) 
and said guide means (116) and is caused to slide 

on the other to guide said cartridge (20) to said con- 
forming position while said guide means (116) is *o 
moving toward said cartridge (20) which is held by 
said cartridge holding means (122,111,122a). 



Patentanspruche 45 

1, Verfahren zum Entnehmen eines rahmenlosen 
Chemoanalyse-Teststreifenelementes (1,1a) aus 
einer durch ein Kassettenhaltemrttel (11,22,22a, 
1 22 , 1 22a, 1 11 ) gehaltenen Ksssett e (20) du rch An ~ so 
Ziehen des Chemoanaiyse-Teststreifenelementes 
mitteis einer Ansaugkraft durch ein Ansaugmittel 
(70,70a, 170,115) in einer vorgegebenen Anzie- 
hungs-Position, 

dad u rch gekennzeiehnet, daB ss 

die Kassette (20) durch das Kassettenhaitemittel 
(122,122a, 111) mil einem vorgegebenen Spiel ge- 
hallen wird, und die Kassette (20) zu einer vorge- 



gebenen entsprechenden Position in dem Bereich 
des vorgegebenen Spiels geleitet wird, wenn das 
Teststreifeneiement (1,1a) aus der Kassette ent- 
nommen wird, wobei die vorgegebene entspre- 
chende Position eine Position ist, in die die Kassette 
bezugSich des Ansaugmittels (170,115) zu verset- 
zen ist, urn das Ansaugmittel (170, 115) genau ei- 
nen vorgegebenen Abschnitt des Tesistreifenele- 
mentes anziehen zu lassea 

2. Vorrichtung zum Entnehmen eines Teststreifenele- 
mentes (1 , 1a) aus einer durch ein Kassettenhalte- 
mittel (11,22,22a, 122,122a,111) gehaltenen Kas- 
sette (20) durch Anziehen des Chemoanalyse-Test- 
streifenelementes (1,1a) mitteis einer Ansaugkraft 
durch ein Ansaugmittel (70,70a ; 170,115) in einer 
vorgegebenen Anziehungs-Position, 

dadurch gekennzeichnet, daB 
das Kasettenhaitemittel (11,22,22a,122,122a s 111) 
ausgelegt ist, die Kasette (20) mit einem vorgege- 
benen Spiel zu halten, und ein Fuhrungsmittei (116) 
vorgesehen ist, das ausgelegt ist mit der durch das 
Kasettenhaitemittel (122, 122a.H1) gehaltenen 
Kasette (20) in Eingriff zu kommen, urn diese mit 
dem vorgegebenen Spiel in der Umgebung des An- 
saugmittels (170,115) zu einer vorgegebenen ent- 
sprechenden Position zu fuhren, welche vorgege- 
bene entsprechende Position eine Position ist, in 
die die Kassette (20) bezuglich des Ansaugmittels 
(170,115) zu versetzen ist, urn das Ansaugmittel 
(170, 115) genau ein en vorgegebenen Abschnitt 
des Teststreifeneiementes anziehen zu iassen. 

3. Vorrichtung nach Anspruch 2, bei dem das Fun- 
rungsmittei (115) die Kassette (20) in Reaktion auf 
die Sewegung des Ansaugmittels (170,115) zu der 
Anziehposition zu der entsprechenden Position 
fuhrt 

4. Vornchiung nach Anspruch 2, bei dem das Fuh- 
rungsmittel (116) einen Fuhrungsabschnitt (116a) 
umfa8t ; dermindestensan einem Element von Kas- 
sette (20) Oder Fuhrungsrnittel (116) ausgebildet ist 
und dazu dient, an dem anderen Element zu giei- 
ten ; um die Kassette (20) zu der entsprechenden 
Position zu fuhren, wahrend sich das Fuhrungsrnit- 
tel (116) zu der durch das Kassettenhattemittel 
(122,111,122a) gehaltenen Kassette bewegt. 



Revendications 

1, Precede d'exiraction d j un element de test a film 
d'analyse chimique sans cadre <1 , la) d'une cartou- 
che (20) maintenue par des moyens de maintien de 
cartouche (11, 22, 22a, 122, 122a, 111) en attirant 
r element de test a film d'analyse chimique avec une 
force d'aspiration de moyens d'aspiration (70, 70a 3 
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170, 115) darts une position ^attraction predeter- 
mine, 

caracteriseence que 

iadile cartouche (20) est maintenue par lesdits 
moyens de maintien de cartouche (122, 122a, 111) $ 
avec un jeu predetermine, et ladite cartouche (20) 
est guides vers une position de conformation pre- 
determines dans la plage dudi! jeu predetermine 
iorsque Tenement de test a film (1,1a) est extrait de 
ladite cartouche (20), ladite position de conforma- to 
tion predetermined etant une position dans laquelle 
ladite cartouche (20) doit §tre positionnee par rap- 
port aux dits moyens d'aspiratbn (170, 115) afin de 
permettre aux dits moyens d'aspiration {170, 115) 
d'attirer avec precision une partie predetermined f$ 
dudit element de test a film (1 , 1 a). 

2, Dispositif destine a extraire un element de test a film 
(1, 1a) d'une cartouche (20) maintenue par des 
moyens de maintien de cartouche ( 1 1 , 22 , 11 1 s 22a, 2& 
122, 1 22a) en attirant Pelement de test a film d'ana- 
lyse chimique (1 , 1a) avec une force d'aspiration de 
moyens d'aspiration (115, 70 ; 70a, 170) dans une 
position ^attraction predetermine 

caracterise en ce que z& 
lesdits moyens de maintien de cartouche {122, 
1 22a, 111) son! prevus pour maintenir ladite cartou- 
che (20) avec un jeu predetermine, et des moyens 
de guidage (116) sont prevus pour engager ladite 
cartouche (20) maintenue par lesdits moyens de 30 
maintien de cartouche (122, 122a, 111) afin de la 
guider vers une position de conformation predeler- 
minee, ladite position de conformation predelermi- 
nee etant une position dans laquelle ladite cartou- 
che {20) doit etre positionnee par rapport aux dits 35 
moyens d'aspiration (170, 115) afin de permettre 
aux dits moyens d'aspiration tfattirer avec precision 
une partie predelerminee dudit element de test a 
film (1, 1a), 

40 

3, Dispositif seion la revendication 2, dans lequef les- 
dits moyens de guidage (116) guident iadite cartou- 
che (20) vers ladite position de conformation en re- 
ponse au depiacement desdits moyens d'aspiration 
(170, 11 5) vers ladite position d'attraction. 46 

4, Dispositif selon la revendication 2> dans lequel les- 
dits moyens de guidage (116) comportent une par- 
tie de guidage (116a) qui est formee sur au moins 
ladite cartouche (20) ou lesdits moyens de guidage so 
(11 6) et est amenee a glisser sur i'autre afin de gui- 
der ladite cartouche (20) vers ladiie position de con- 
formation alors que lesdits moyens de guidage 
(116) se deplacent vers iadite cartouche (20) qui est 
maintenue par lesdits moyens de maintien de car- 
touche (122, 111, 122a). 
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